The studies conducted from 1997 to 1999 in a vegetation hall were performed as a pot experiment on ordinary silt soil. Jerusalem artichoke, maize, Sida hermaphrodita rusby, amaranth and hemp were used as indicator plants. The results confirmed, great diversification of the element contents which depends not only on the species but also on the part of individual plants. Analysis of the data revealed also another dependence: increased concentration of heavy metals in the soil corresponded to a higher content of heavy metals in the plants. Significant differences in this respect were observed for the plant species grown in unpolluted or differently contaminated soil.
Industrial activities cause a fast and considerable degradation of soil and vegetation cover, which necessitates seeking for suitable methods of management to restore industrial lands. On a chemically polluted soil vegetation may play an important ecological and sanitary role. Proper management of such areas including selection of plants to grow may significantly contribute to recovery of soil (SIUTA, 1995) . Numerous efforts have been undertaken recently to remove heavy metals from soils, among others through phytoremediation (JASIEWICZ and ANTONKIEWICZ, 1999 , KUCHARSKI et al., 1998 , SAS-NOWOSIELSKA, 1999 . Plants revealing high capability for heavy metal accumulation have been also sought (GAMBUś, 1997b, JASIEWICZ and ANTONKIEWICZ, 2000ab) . The selection of plant species resistant to enhanced concentration of heavy metals and accumulating high amounts of them could support reclamation of the contaminated areas (KUCHARSKI et al., 1999) . Among species with enhanced tolerance to heavy metals in soil belong Sida hermaphrodita rusby, amaranth, Jerusalem artichoke and fibre plants: hemp and linseed (NALBORCZYK, 1995 , GRzEBISz et al., 1998ab, BORKOWSKA and STyK, 1997 , JASIEWICZ and ANTONKIEIWCZ, 1999 .
The aim of the investigation was to determine the effect of the soil pollution with heavy metals (Cd, Pb, Ni, Cu and Zn) on the yield of studied plants species and accumulation of heavy metals in plant biomass.
MATERIALS AND METHODS
The studies were conducted in 1997-1999 as pot experiments in a vegetation hall. An ordinary silt soil with cation exchange capacity (CEC) 811 mmol (+) · kg -1 , pH KCl = 6.0 and organic C content 9.5% was used. Heavy metal contents determined in 65% solution of HNO 3 and 70% HClO 4 were as follows: 
RESULTS
The yield of tested plants was diversified and dependent on the species, level of soil contamination with heavy metals and the year of the experiment (tab. II).
It was found that Jerusalem artichoke could not be cultivated at soil contamination exceeding 80 mg Cd, 480mg Pb, 240 mg Ni, 320 mg Cu and 800 mg Zn · kg -1 soil d.w. because high concentrations of heavy metals in treatments VI and VII proved toxic for this plant. Toxic influence of heavy metals on the yield of aerial parts, roots and tubers of Jerusalem artichoke was registered from the third level of soil contamination with heavy metals. Depending on the year of the experiment decreases in the yield of aerial parts and roots ranged respectively between 20-96% and 17-90% in 1997; from 12-98% and 39-92% in 1998 and from 17-97% and 41-92% in 1999 in comparison with the control. A decline in tuber yield was noticed also from the third level of soil contamination with heavy metals and depending on the treatment and year of the experiment was as follows: 26-91% in 1997; 36-97% in 1998 and 36-96% in 1999 in comparison with the control.
It was found that maize could not be cultivated in soil treatments VI and VII where the highest levels of soil contamination with heavy metals were applied. Irrespective of the year of the experiment a decline in maize aerial parts was registered already from the second level of soil contamination with heavy metals. The decrease was 6% in the first year, 12% in the second year and 11% in the third year in comparison with the control. A decline in maize aboveground yields at increasing doses of heavy metals (treatments III-V) were more pronounced in 1997 and ranged from 19% to 81%; in 1998 from 29% to 76% and in 1999 from 24% to 72% in comparison with the control. Decreased yielding of maize roots was noticed, like in case of its aerial parts, also from the second level of soil contamination with heavy metals and in comparison to the control was respectively: in 1997 from 29 to 68%; in 1998 from 21 to 72% and in 1999 from 27 to 75%.
The use of heavy metal accumulating plants for detoxication of chemically polluted soils 115 In case of Sida hermaphrodita rusby, which is a perennial, only the effect of heavy metals on the amount of aerial parts yield was studied. In the first year of the experiment (1997) the plants did not germinate at VI and VII levels of soil contamination with heavy metals. However, in the second year another attempt was made to cultivate Sida hermaphrodita Rusby on the above mentioned treatments by planting the root seedlings instead of seeds. The data in table II show the plants adapted to these conditions. In the first year a considerable decline in Sida aerial parts yields was noticed in treatment V. A decrease in Sida aboveground part yield reached 46% in relation to the control. In the second year of the experiment a decrease in the yields of tested plant was observed at level V of soil contamination with heavy metals and amounted to 36% in relation to the control. Higher doses of heavy metals in soil caused a stronger decrease in Sida yields: 61% in treatment VI and 98% in treatment VII as compared to the control. In the third year (1999) a significant decline in Sida aerial parts yield, approximating 26% in relation to the control, was registered also at level V of soil contamination with heavy metals. In soil treatments V-VII the decrease in aerial part yield was milder than in 1998 and reached between 52 and 54% in comparison with the control.
It was stated that amaranth could not be cultivated at soil contamination exceeding 40 mg Cd, 240 mg Pb, 120 mg Ni, 160 mg Cu and 400 mg Zn · kg reached 12% in 1997, 22% in 1998 and 19% in 1999 in relation to the control respectively. In treatment VI a decrease in amaranth aerial parts yield was greater in 1997-1999 and reached 47%, 52% and 50% in comparison with the control respectively. Diversification of heavy metal dose in soil affected also the amount of root yield. In the studied period (1997-1999) a noticeable decline in amaranth root yield was obtained also from the third level of soil contamination with heavy metals. The decrease reached 11% in 1997,11% in 1998 and 12% in 1999 in comparison with the control respectively. At the fourth level of soil contamination the decrease in root yield was respectively: 50%, 53% and 45% in relation to the control. A high level of soil contamination with heavy metals in treatments VI and VII caused hemp seeds to die-back immediately after germination. Heavy metal toxic effect on hemp yield became apparent from the second level of soil contamination. In comparison with the control the decline in aerial parts yield in treatments II-V was between 9% and 96% in 1997, 11%-97% in 1998 and 14%-97% in 1999. Increasing doses of heavy metals also influenced a diversification of root dry matter yields. In the investigated period of experiment a significant decline in root yield was also registered at the second level of soil contamination with heavy metals, i.e. at 10 mg Cd, 60 mg Pb, 30 mg Ni, 40 mg Cu, and 100 mg Zn · kg -1 soil d.w. The decrease in hemp root yield in treatments II-V was from 11% to 87% in 1997, 25%-91% in 1998 and 13%-93% in 1999 in relation to the control, resp.
The data in figures 1 and 2 reveal that an increase in soil concentration of heavy metals was accompanied by their increasing concentrations in the test plants.
Relatively big differences of the tested metal contents became visible among the tested species already in the control and in the respective levels of soil contamination. It results from the specific tendency for heavy metal bioavailability and accumulation capacity. Heavy metal contents ranged, depending on the treatment and plant part, as follows: 0. 
DISCUSSIoN
The effect of soil heavy metals on the plant yield reported in the paper was highly diversified. Interspecific differences in the yields were found also by BARAN (2000) and GAMBUś (1997a) . Negative effects of high concentrations of heavy metals on the growth, development and yield of plants is a well known phenomenon ANTONKIEWICZ, 2000ab, KABATA-pENDIAS and pENDIAS, 1999) . Studies conducted by other authors also revealed that at high soil concentrations of heavy metals plants take up considerable amounts of elements but at the same time a rapid decrease of biomass occurs (BORKOWSKA and STYK, 1997 , GRzEBISz et al., 1998 a,b, JASIEWICZ and ANTONKIEWICZ, 1999 .
The plants are characterised by species dependent differences in the ability of heavy metal uptake and different tolerance to their high concentrations (KABATA-pENDIAS and PENDIAS, 1999, WÓJCIK and TUKENDoRF, 1995) . Different specific plant resistance to heavy metal contents in soil was also observed in the studies of GALLER (1992) and GAMBUś (1997b) . Inhibitory influence of heavy metals on growth and development of plant top parts and roots is also very important for reclamation and phytoremediation processes in chemically polluted areas (BREJ and FABISZEWSKI, 1983, BORKOWSKA and STyK, 1997) . Obtained results confirmed the earlier information about a considerable diversification in the element contents depending on the plant species and analysed plant parts. An increased heavy metal concentration increased in soil correlates with enhanced metal contents in plants. Relatively large differences in heavy metal contents were revealed among plant species from the unpolluted soil and those grown in soil with various levels contamination.
CoNCLUSIoNS
Results obtained from the conducted pot experiments allow the following conclusions:
1. A high diversification in plant yield as depending on the level of soil contamination with heavy metals was found. A significant decline in the plant yield was registered for maize and hemp from the second level, for Jerusalem artichoke and amaranth from the third level and for Sida hermaphrodita
Rusby from the fifth level of soil contamination with heavy metals. 2. A strong differentiation in the contents of heavy metals was found as depending on the plant species. The contents of heavy metals in the tested plant species correlated also with the level of soil contamination and increased with raising heavy metal concentrations in soil. 3. An ability for heavy metal accumulation in the aerial parts at the highest tolerated level of soil contamination with heavy metals decreases in the following order: -Cadmium: amaranth > maize > Jerusalem artichoke > Sida hermaphrodita rusby > hemp -Lead: amaranth > Jerusalem artichoke > hemp > Sida hermaphrodita rusby > maize 1: concentration of heavy metals in aerial parts (mean values, 1997-1999) 
